ORBITAL TRANSFER VEHICLE STUDIES 

OVERVIEW 
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ORBITAL TRANSFER VEHICLE CONCEPT DEFINITION 
AND SYSTEM ANALYSIS STUDIES 
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ORBITAL TRANSFER VEHICLE (OTV) 
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GBOTV = GROUND-BASED OTV FFC = FINAL FLIGHT CERTIFICATION 





















MISSION MODEL: SCENARIO 2 ()TV MISSION MODEL 

DATE: 4-17-86 SUMMARY 
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FIRST FLIGHT 1995 1996 1999 2000 2009 2007 




SPACE BASED OTV 
Martin Marietta 
Payload 12,000 up/10,000 DN 


ORIGINAL PAGE IS 
OF POOR QUALITY 




144 




BOEING SPACE BASED OTV 

BALLUTE BRAKED 
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GENERAL DYNAMICS 



Vehicle ignition 48,300 1b 134,900 177,500 220,500 306,000 

Usable propellant 40,800 lb 122,500 163,500 204,200 285,900 

Payload to GEO 13,500 1b 59,100 83,000 106,800 154,200 

Payload roundtrip 6,450 lb 31,450 42,840 55,400 80,490 


OTV TECHNOLOGY REQUIREMENTS 


© ZERO G PROPELLAN T TRANSFER 

- PROPELLAN I PUMP/PRESSURIZATION 

- CHILL DOWN & VENT SYSTEM 

- PROPELLANT ACQUISITION (TANKER/STORAGE) 

- ADOR T DUMP/I RANSEER (OTV) 

- QUICK CONNEC T/DISCONNECTS 

O PROPELLANT MASS GAUGING 

- ZERO G MEASUREMENT 

- PROPELLAN T MASS TRANSFERRED 
PROPELLANT REMAINING DURING BURN 

O INSULATION 

- Mi l ONLY LOR SPACE BASED O I V 

- Ml l/FOAM/INER I GAS TOR GROUND BASFD OTV 

PROPELLANT PUMP/PRESSURIZATION 

q DEMONS I RAJ E PROPELLAN I IRANSIERIU I WLI N TANKS BY 
CRYOGENIC COMPATIBLE PUMPS AND/OR TANK PRESSURIZAI ION 

O MEASURE HEAT ADDED TO CRYOGEN BY PUMP 

O DETERMINE EFFECTS OF ZERO G ON PUMP OPERATION. BUBBLE FORMATION. 
SUCTION LINE FLUID FLOW, ETC 

6 DETERMINE LEFEC I S OF ZERO G ON PRESSURAN I GAS/FLUID SEPARATION 
O MEASURE G NECESSARY IO SET ILL FLUID. FLUID SLOSH IN LOW G, ETC 
9 BUBBLE UP/AU TOGENOUS PRESSURIZATION 
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CHILL DOWN & VENT SYSTEM 


• Cl (ILL DOWN OF A WARM TANK 

• ULLAGE VENTING AND FILL OF A PARTIALLY FILLED TANK 

• A THERMODYNAMIC VENT SYSTEM HAS BEFN DESIGNED FORI HE 
CENTAUR AND DEMONS I RATED ON THE GROUND 

• DEMONS THA I E Tl IERMODYNAMIC VEN T SYSTEM IN ZERO G 

© DEVELOP AND DEMONS I RAIL A ZERO G I IELIUM VENT SYSTEM (?) 

PROPELLANT ACQUISITION/MANAGEMENT 
(TANKER/STORAGE FACILITY) 

• DEMONST RA I E LIQUID ACQUISI HON AND VAPOR FREE OUIFLOW 

© DETERMINE SPACECRAFT DYNAMICS DURING PROPELLANT TRANSFER 

• COMPARE STORAGE TANK/I ANKER REQUIREMENTS TOOTV 
DETANK RFOUIREMFN TS 

• CONTROL FLUID DYNAMICS ( SLOSI I. SET TL ING ) 

ABORT DUMP/TRANSFER 
(OTV) 

• PROPELLANT RECOVERY AT TER MISSION ABOR I 
NEAR HIE SPACE SIAIION 

© PROPELLAN T DUMP 

O RETURN OF RESIDUAL PROPCLI AN I TO STORAGE 
FACILIIY 
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QUICK CONNECT/DISCONNECT FLUID INTERFACES 

• "ZERO LEAKAGE" CONNECTIONS 

© MINIMIZE ALIGNMENT REQUIREMENTS 
© PROVIDE SEAL VENTING FOR PRESSURIZED SYSTEMS 
O CONSIDER LEAK DETECTION, SEAL REPLACEMENT, INSPECTION, ETC 

• MINIMIZE PRESSURE DROP ACROSS INTERFACE 

ZERO G MASS GAUGING 

• NO PROVEN METHOD FOR LARGE TANKS IN ZERO G 

© NEED METHOD PROVIDING 1% OR BETTER ACCURACY 
© ADDRESS SENSITIVITY TO PRESSURE OR TEMPERATURE 

PROPELLANT MASS TRANSFERRED 

© MEASURE PROPELLANT TRANSFER RATE AND TOTAL TRANSFERRED 
9 CORRECT FOR TEMPERATURE EFFECTS 

O DETERMINE AND CORRECT FOR PRESENCE OF BUBBL ES IN FLUID 

9 PROPELLANT UTILIZA7 ION/MANAGEMFN T IN MULTI-TANK OTV 
CONFIGURATIONS 
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PROPELLANT REMAINING DURING BURN 


• MEASURE PROPELLANT DURING 0 01 TO 1 .0 G ACCELERATION 

O PROVIDE RAPID MEASUREMENT UPDATE 

INSULATION 

e SPACE BASED OTV 

Tl IICK Ml I Will I L ONO HIT IN VACUUM 

- INSULA I E LI 12 TANK ( ROM LOX TANK TO 
PROVIDE I 01 TER CAPABILITY AND TO 
MINIMIZE IMPACI OP SLOW PILL/DRAIN 

- MINIMIZE MICROMET EOROID/DEBRIS DAMAGE 

O GROUND BASF DO TV 

- Mi l ON LOX TANK 

- MLI/POAM/INER I GAS ON LI 12 TANK TO 
PREVEN I CRYOPUMPING 

- INSUI ATE 1 112 TANK PROM LOX TANK TO 
PROVIDE I 01 TER CAPABILII Y 

OTV SUPPORT TECHNOLOGY 
(SPACE BASED) 

® LONG TERM CRYOGENIC S TO RAGE 
© VAPOR COOLED SHIELDS 
© PARA/ORT ITO CONVERSION 
© REFRIGERATION 
© REL IOUEFAC I ION 
© PROPELLANI DEI IVFITY 
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